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Abstract 
By simple production of fibre reinforced concrete, which is designed only from one fraction concrete recyclate, elected doses 
binders, synthetic fibers and water, the material with characteristics suitable for practical use in selected support structures can be 
obtained. These results from substantiating tests of production and testing of fibre reinforced concrete this only confirmed. In the 
paper, the current possibilities of use this structural material is presented. A detailed example of its use for load-bearing walls of 
buildings of civil construction is shown. A specific calculation of assessment of the building is based on the results of the 
experimental tests of strength characteristics. Reliability of designed parts of load-bearing structures is based on the design values 
which are derived from the results of substantiating tests. The given example shows that it is entirely realistic, from the 
perspective of static reliability, to realize some load-bearing constructions for buildings of community facilities from fibre 
reinforced concrete, where natural stone is fully replaced by natural recycled material. Although static reliability is the most 
important parameter it is apparent from this allowance, that in case of use of fibre reinforced concrete in civil construction, it will 
be necessary to extend the experimental research to other physical properties (eg. heat and sound conductivity). 
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1. Introduction 
Construction and demolition waste (C&D waste) creates a major portion of total solid waste production in the 
world and most of it is used in landfills, for reclamation or landscaping all the time [1]. One of the ways to reduce 
 
 
* Corresponding author. Tel.: + 420-224-354-627. 
E-mail address: vaclav.racek@fsv.cvut.cz
© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICEBMP 2016
338   Václav Ráček et al. /  Procedia Engineering  151 ( 2016 )  337 – 344 
environmental problems is to utilize recycled aggregate in the new construction concrete components [2]. Recycled 
aggregates as a component for the production of new concrete is used mainly within the experimental testing, its 
utilization in actual construction is sporadic. Occasionally the natural aggregate is partly replaced by the recycled 
one, generally in 30–40% amount. This amount has been established by several types of research – it has been 
proven that 30% replacement of natural aggregate by recycled aggregate does not influence significantly the 
mechanical-physical properties of the concrete [3,4,5]. Depending on the water/cement ratio and on the percent of 
the normal aggregate replaced by recycled concrete aggregate (RCA), the concrete strength is reduced by 5% to 
25%, while the tensile strength is reduced by 4% to 14% [6]. Researches [7,8] confirmed the possibility of full 
compensation of natural aggregates by recyclates in new concrete. This work is the continuations of the previous 
research with recycled aggregate findings were presented in research publication [9,10]. 
2. Materials and methods 
2.1. Fiber reinforced concrete composite 
For a start, structural fiber reinforced concrete (FRC), during its production natural aggregate was fully replaced 
by recyclate obtained from building production or demolition, is totally different from today manufactured FRC 
both in composition, production, properties and fields of application in practice. The general procedure of testing of 
composites mostly follows the economic criteria (cost minimization) with respect to simplicity of technology and 
possible applicability in practice, which would contribute to the building sustainability. 
All these differences are dictated by the choice of FRC composition, only from four components with fixed-
weight doses for: 
x Aggregate - concrete recyclates as 100% replacement of natural aggregate. This recycled concrete is arising from 
construction and demolition waste. After using a jaw crusher only one fraction 0/22 or 0/32 mm of recycled 
concrete is obtained and used for composite mix design in this experimental program. 
x Cement - commercial Portland-limestone blended cement type CEM II/B-M (S-LL) 32,5R according to EN-197-
1 was used. The amount of cement in the mix was 260 kg/m3 for specimens. 
x Water - weight dose of water at which the required consistency of the fresh fiber reinforced concrete, suitable for 
processing by rolling or ramming, will be achieved. Water / cement ratio in samples was 0.48–0.6. 
x Fibre - for experimental tests was used synthetic polypropylene fibres FORTA FERRO®. The dosage of this 
fibres was determined as 0.5 or 1.0 % of volume content. FORTA-FERRO® are non-corrosive, non-magnetic, 
and 100% alkali proof fibres with length 54 mm, specific gravity 910 kg/m3 and tensile strength is 570–660 MPa. 
For the remaining component, synthetic fibers, weight doses may be changed according to the required 
characteristics of FRC (tensile and compression strengths, deformation – ductility of the hardened FRC).  
2.2. Experimental tests 
For experimental program presented in this paper were tested basic mechanical-physical properties of the 
composite - bulk density, compressive strength, tensile splitting strength, flexural tensile strength and modulus of 
elasticity. Complementarily was done experimental testing for determining the load-bearing capacity of FRC 
column. Demonstrated strength characteristics on standardized test samples are the basis for structural designing. In 
this case of FRC, which has by the use of recycled material a porosity structure, the test was conducted at load-
bearing capacity of pillars by axial pressure on prism 150/150/600 mm and 150/150/1200 mm (Fig. 1). Loading 
speed of specimens was 0.2 mm/min (according to TP FC 1-1). The aim of these tests was to obtain information on 
the size of deformation of the column (compression) under the action of loads. Obtained records of tests show that 
under load, which occurs in the real structure there is the deformation (compression) within acceptable limits. 
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Fig. 1. Test arrangements of columns. 
3. Results and discussion 
3.1. Basic characteristics of FRC by the use of recycled concrete 
During the experimental tests carried out in a longer time period, average strength characteristics of FRC have 
been demonstrated. They are listed in the following table 1. The average strengths were removed from the database 
of test results collected over a longer time period. Apart from the technological effect and diversity of strength 
parameters of the used recycled material, wide line of granularity characterizing shredded recycled and maximum 
grain size of recycled material are reflected on the results in the database. Samples were tested on standard cubes 
150×150×150 mm or 150×150×600 mm at the ages of 28 days. For the following calculation, we tested more than 
60 samples of FRC composite with full replacement of natural aggregate by recycled concrete. (100% recycled 
concrete with dmax 22 or 32 mm, 0.5 or 1.0 % of the fibre volume). 
Table 1. Average characteristics of FRC on more than 60 samples – range of measured values. 
Sample Volume 
weight 
(kg/m3) 
Compression 
strength  
(MPa) 
Strength in 
transverse tension 
(MPa) 
Tensile strength 
in bending 
(MPa) 
Modulus of 
elasticity   
(MPa) 
FRC with concrete recyclate 
synthetic fibre 
1850 – 2280 20 – 35 1.9 – 3.5 1.9 – 3.6 14 – 20 
 
In any case, the results of new tests should not be much different from the values listed in this table. At larger 
weight doses of synthetic fibers than 1% of the volume, for which the tests have been carried out so far, it can be 
assumed that the strength characteristics will be higher. 
The bending test (force/deflection) performed by so-called controlled deformation on prisms with dimensions of 
150×150×600 mm represents the most conclusive test for the identification of the properties of the tested 
composites. From the results of analyses is obvious positive effect of fibres on the ductility of this composite 
material, see Fig. 2. There are average and characteristic values for dosage of fibres 1.0% of volume content and for 
comparison 0.5% fibres. 
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Fig. 2. Recording of four-point bending test on beams 150/150/700 mm with 600 mm distance of support [9]. 
During the test for determine at load-bearing capacity of pillars by axial pressure on prism 150/150/600 mm and 
150/150/1200 mm there was a crush at the head of the prism before it reached the maximum compressive strength. 
Therefore this test will be performed once again. Measured values are shown in table 2. 
Table 2. Strength characteristics of pillars by axial pressure on prism 150/150/600 mm and 150/150/1200 mm - load-bearing capacity of pillars. 
Sample Volume weight  (kg/m3) Compression strength  (MPa) 
Prism 150/150/600 
Prism 150/150/1200 
1850  
1903 
8.4 
7.4 
3.2. The building method of vertical load-bearing constructions 
The concreting of walls may take place to the prepared formwork. The formwork must be solid and stable (rigid 
enough), tight and its inner surface must be clean. If this formwork is absorbent, the surface must be sufficiently 
dampened before concreting to not subscribe the water from the fresh FRC. For the solved construction, there is no 
need to impose any concrete reinforcement to the formwork. Custom concreting must be carried out in such a way 
as to achieve the same properties in all parts of the structure. 
The process of storing FRC with recyclate into the formwork and subsequent compaction is very important. 
Classical methods of compaction (vibrating, needling) could impair the homogeneity of FRC, i.e. unwanted 
scattering of fibers or the flow down of the soft cement paste to the bottom of compacted layers. Fresh FRC with 
recycled materials therefore, needs necessarily to be compacted by ramming (upsetting). For compaction by 
ramming, the formwork which will be installed gradually over about 1 m in height should be adjusted. This part of 
FRC structure, f.e. walls, will be compacted by ramming in layers about 150 mm, to obtain good compaction and 
maintaining the homogeneity of FRC. 
To realize the vertical load-bearing structures, it can be also chosen other procedures, f.e. use of concrete hollow 
blocks [11]. 
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3.3. Derivation of design of fiber reinforced concrete 
Based on the findings was determined the static reliability in construction of a family house. Marked load-bearing 
parts of the buildings were evaluated by calculation on the ultimate limit state in accordance with European 
standards. Determined design strengths in selected most load-bearing structures were never exceeded. On Fig. 3 is 
the assessment of load-bearing parts of family house. Marked parts of structures have been chosen as an example for 
further mentioned calculation. 
Fig. 3. The assessment of load-bearing parts of family house. 
3.3.1. Compressive strength 
To obtain design strength of FRC in compression (ffcd), we set by choice the average value of compressive 
strength (ffcm) from the table 1 at first. From this value we have to, according to the European standards (EN), at a 
small number of tested samples, deduct 8 MPa to obtain a characteristic value of the compressive strength of FRC 
(ffck). Dividing the characteristic values of the material by safety factor Ȗ = 2.5 (so far only draft), we get the value of 
the design strength of FRC in compression (ffcd). This procedure is illustrated for selected average compressive 
strength: 
 
x Characteristic compressive strength of FRC: MPaff fcmfck 8                                                                    (1) 
x When reaching the average value of the compressive strength: 20fcmf MPa                                                 (2) 
x  Characteristic compressive strength of FRC is then: MPaf fck 12820                                                    (3) 
x Design compressive strength of FRC provides: MPaff Mfckfcd 8,45,2/12/    J                                    (4) 
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3.3.2. Tensile strength 
In determining the design tensile strength from the average strength in transverse tension of FRC, it can be 
proceeded as follows. 
By selecting from the range of values in the Table 1, we determine the average value of the strength in transverse 
tension (ffct,m,spl). This value we divide by coefficient for transfer between transverse tensile strength and axial tensile 
strength Ȗ = 1.3 (so far the coefficient established between the specified strengths for plain concrete). To obtain the 
characteristic strength values of FRC in tensile (ffct,k), it is necessary to multiply this value by coefficient 0.7 (also 
used for plain concrete). The characteristic strength value of FRC in tensile is also necessary to divide by the factor 
of material safety Ȗ = 1.8 (so far draft) and we get the design value (ffct,d). This process is illustrated bellow: 
x Average value strength in transverse tension: MPaf splmfct 3,,                                                                          (5) 
x Average axial tensile strength: MPaff splmfctmfct 3,23,1/33,1/,,,                                                            (6) 
x Characteristic strength of FRC in tension: MPaff mfctkfct 6,17,03,27,0,,                                         (7) 
x Design strength of FRC in tension: MPaff Mkfctdfct 9,08,1/6,1/,,    J                                                    (8) 
In literature, unless natural aggregate is replaced by more than 20–30% by RCA, it is seen that there is no 
signi¿cant negative inÀuence of RCA on physical and mechanical properties of concrete. Despite the fact that loss 
of approximately 20–30% of compressive strength is observed in the case of 100% RCA replacement, it is possible 
to come up with discrepancies on achieved results.  
The combination of recyclable building waste, synthetic fibres and binder yields a novel composite material with 
limited, but well utilizable properties for building structures. Expansion of the areas of the meaningful use of 
recycled materials from building demolition and construction output should be in the interest of all concerned 
builders. Like the study [12] optimum fibre content was determined as 1% by volume. Improving the deformation 
capability of ¿bres and porous structure of RCA may inÀuence decrease of the mechanical properties as f.e. 
modulus of elasticity [13]. When strength results are considered, it is observed that RCA has a negative effect on the 
strength properties as in the previous studies [14,15]. 
Presented test results and applications listed in the paper are to be considered realistic with the use of fibre 
reinforced concrete (FRC) with cavern structure. Cavern structure of FRC is created due to the use of recycled 
concrete aggregate, unsorted on fraction, ie. with the use of wide fraction only. The strength characteristics of the 
composite cannot be compared with ordinary concrete with dense structure. Achieved characteristics are sufficient 
for defined construction however, and bring environmental benefits consisting of a simpler technology of design and 
manufacturing of composites, in the consumption of large volumes of recycled material, for example, when used in 
earth structures, embankments or dams, and in related economic effects resulting there from. 
Based on the obtained results, it can be concluded that fibre reinforced concrete with such characteristics is 
applicable in practice. The selected areas of application are small-scale, simple residential structures, earth structures 
and dams, which is described in [10]. So far the FRC with recycled concrete was used only in design of the ground 
dams of linear structures (Fig. 4) and into the flood control dam resistant against overtopping (Fig. 5). 
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Fig. 4. FRC slabs from composite with recycled concrete in ground dam [10]. 
 
 
Fig. 5. Flood control dam resistant against overtroping – model [10]. 
4. Conclusions 
This study is aimed to investigate usability of polypropylene ¿ber in recycled aggregate concrete in order to be 
used primarily in concrete structures since the use of polypropylene ¿ber in ¿eld concrete is gaining popularity 
nowadays. And primarily, reducing and recycling C&D materials conserves landfill space, reduces the 
environmental impact of producing new materials, creates jobs, and can reduce overall building project expenses 
through avoided purchase/disposal costs. Disposal of C&D wastes is becoming more of an issue nowadays and new 
use of recycled concrete will contribute to the construction in accordance with the principles of sustainable 
construction. 
The example, that suggests the use of recycled materials in the construction of family houses and lower buildings 
of community facilities, yet based only on the proven results of the static reliability of the objects, should be a 
stimulus to a comprehensive assessment of the real possibilities of use. 
Family houses and lower buildings of community facilities are emerging as promising area for the purpose of the 
FRC, because the strength properties of FRC cover the requirements of construction material. FRC, as a new 
construction material, can contribute also to other effects that can be expected based on results of the new carried 
out tests, in this case thermal permeability, sound permeability or fire resistance of FRC. 
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